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There have been significant advances in reconstructive
techniques since ear reconstruction was introduced in the
Susruta Samhita in 600 B.C.1 The most radical changes
began when Gillies addressed microtia by burying carved
cartilage under the mastoid skin and then separating it
from the head with a cervical flap.2 In 1930, Pierce modified
the Gillies technique by lining the reconstructed sulcus with
a skin graft and building the helix with a tubed flap.3 In
1937, Gillies reported on his reconstructions of over 30
microtic ears with the use of maternal ear cartilage; how-
ever, long-term results were poor as the cartilage progres-
sively resorbed.4,5 Steffensen then used preserved rib
cartilage and ran into the same problem as Gillies, that is,
resorption of the framework.6,7

In 1959, Tanzer made significant headway by using
autologous rib cartilage. Lasting results were finally ob-
tained without resorption.8,9 In the late 1960s, Cronin used
silicone ear frameworks; however, extrusion rates were
persistently high. Since that time, the techniques pioneered
by Brent,10,11 Nagata,12 Tanzer,8 and Walton and Beahm13

have served as the foundation for the techniques currently
used. To date, the use of autogenous rib cartilage for
auricular reconstruction is one of the most enduring tech-
niques for microtia reconstruction as it provides excellent
aesthetic results with lasting durability.9,11,12,14–19 In this
review, we will outline the most common methods of
microtia reconstruction with a progression from a multi-
staged to a single-staged approach.

Epidemiology, Genetics, and Etiology of
Microtia

The incidence of microtia is approximately 1/6,000 births
with no difference between ethnicities.20,21 The inheritance
of microtia is multifactorial with a recurrence risk of 5.7%.22

Most cases are unilateral; the right side is typically favored.
The incidence is nearly 2 times higher in males.10,19

The exact etiology for microtia is unclear, but one prevailing
theory is that microtia can result from in utero tissue ischemia
secondary to the obliteration of the stapedial artery or hemor-
rhage into the ear.23,24 Certain medications (thalidomide, iso-
tretinoin, clomiphene citrate, and retinoic acid among others)
have been associated with the development of microtia.25

Diagnosis and Classification of Microtia

There are three widely accepted ways of categorizing micro-
tia: (1) auricular hypoplasia in descending severity,26 (2)
Tanzer’s method by approach required for reconstruction,27

and (3) Nagata’s classification based on reconstructive tech-
niques (►Table 1).12

General Considerations

Microtia can cause significant psychological morbidity, and
as such, deserves a reconstructive approach to treatment.28

Furthermore, earlier reconstruction may lead to better
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psychological outcomes with a majority of patients being
very satisfied with their reconstruction.29,30

In the initial consultation with the family, it is important
to describe the limitations of reconstruction so that the
expectations of the surgeon, the family, and the patient align.
If the family chooses autogenous reconstruction of the ear,
the parents should be forewarned of the expected necessity
for more than one procedure as well as the potential risks of
the operation and the brief limitations on physical activity
(up to 6 weeks) after harvesting costal cartilage. The general
recommendation for the timing of reconstruction is between
the ages of 7 and 10 before peer ridicule begins (►Figs. 1, 2).
Some surgeons prefer to begin at age 10, or when the chest
circumference at the xiphoid is at least 60 cm.

Brent’s Method of Repair

Brent’s techniqueof repair isbasedonmultiplestages toachieve
a detailed, lasting reconstruction. The first stage of Brent’s
method involves the harvesting of rib cartilage, constructing
the framework, and inserting the framework in the pocket
subcutaneously at the reconstructed ear location. The second

stage involves lobule transposition. The third stage is separation
of the ear from the head and surfacing the raw area of the
reconstructed ear with a skin graft to create the auriculoce-
phalic sulcus. The fourth stage involves tragal construction,
conchal excavation, and simultaneous contralateral otoplasty.

In the first stage of reconstruction, the ear framework is
usually obtained in one piece from the contralateral rib
cartilage. A horizontal incision is made above the costal
margin, and the external oblique and rectus muscles are
divided (►Fig. 3). An ear template is placed on the rib cartilage
to serve as a guide for the amount of rib cartilage needed. The
rib cartilage used for the helical rim is obtained from the first
free-floating rib, separately from the main ear. The synchon-
dritic region of the sixth and seventh ribs serves as the body of
the framework. Supraperichondrial dissection should be used
to preserve the specimen. To decrease the likelihood of chest
wall deformities, Brent preserves the rim of the upper margin
of the sixth rib cartilage.

During fabrication of the framework, the helical rim and
the details of the antihelical complex should be exaggerated
as the skin covering will blunt the details of this region. Brent
recommends anticipating framework warping and to use the

Fig. 1 (A) Preoperative frontal view of right microtia. (B) Preoperative lateral view of right microtia.

Table 1 Comparison of classification schemas of auricular hypoplasia

Classified by severity Tanzer classification Nagata classification

Microtia Anotia Anotia

Lop ear
(folding of superior helix and scapha)

Complete hypoplasia (microtia)
• With atresia of the external audi-

tory canal
• Without atresia of the external

auditory canal

Lobule type (cartilaginous remnant and
vertical lobule without the meatus,
concha, or tragus)

Cup or constricted ear with a deep
concha and lack of superior helix
and antihelical crura

Hypoplasia of the middle one-third of
the auricle

Large conchal type (lobule, concha with
or without the meatus, tragus, and
intertragal notch present

Prominent/protruding ear Hypoplasia of the superior one-third of
the auricle

• Constricted (cup and lop) ear
• Cryptotia
• Hypoplasia of the anterior superior
one-third

Small conchal type (similar to lobule
type, but with an indentation in the
region of the conchal bowl

Prominent ear Atypical
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warping to the surgeon’s advantage. For thehelix, intentional
warping creates the flexion needed to attach it to the frame-
work body. The helix is sutured to the construct with 4–0
clear nylon in a horizontal mattress fashion. Brent recom-
mends against using stainless-steel wire sutures (unlike
Nagata) to prevent wire extrusion.

For framework implantation, a cutaneous pocket is cre-
ated by incising along the backside of the existing auricular
tissue and raising a thin flap with sharp dissection (►Fig. 4).
The skin should be dissected away from the vestigial carti-
lage, and the remnant cartilage can be discarded. Dissection
continues 1 to 2 cm in each direction to the framework skin
markings. The carved framework should be inserted into the
pocket, and the slack skin should be displaced in the poster-
osuperior direction with the hairline just behind the rim.8

Brent uses suction to coapt the skin flap to the framework,
which prevents fluid collection and minimizes the risk for
flap necrosis along the helical margin.10,31,32 Active sports
should be avoided for 6 weeks until the chest wound heals.

Brent completes lobule transposition in a second stage to
prevent scarring, decreased circulation and elasticity, and to
lessen the risk of tissue necrosis that may accompany lobule
transposition in the first stage.32,33

In another operation or series of operations, Brent
constructs the tragus, defines the concha, creates a false
meatus, and elevates the reconstructed auricle from the

head. The tragus is created by harvesting a composite
chondrocutaneous graft from the contralateral auricle’s
anterolateral conchal surface and placing the elliptical graft
beneath a J-shaped incision in the conchal region.32 The
straight limb of the J-incision is at the future tragal margin
while the curved part of the J-incision serves as the inter-
tragal notch. The concha is deepened by removing soft tissue
beneath the tragal flap. Upon removal of the soft tissue
behind the tragal flap, the tragus will cast a shadow that
mimics a meatus.

The sulcus is created by elevating the ear from the head
and covering the raw underside with a full-thickness skin
graft. This step should not be undertaken until the final
auricular details are defined, and edema has resolved. An
incision several millimeters behind the rim should be made,
and the retroauricular skin should be advanced so that the
only raw surface needing a graft is the posterior surface of
the ear. The full-thickness skin graft may be obtained from
either the lower abdomen or the groin crease.

Projection of the reconstructed auricle is accomplished
using a wedge of rib cartilage behind the elevated ear. During
the first stage, an extra piece of rib cartilage is banked under-
neath the chest incision or underneath the scalp, posterior to
the cutaneous pocket of the framework.19 The cartilage should
be split in situ so that awider portionof the rib cartilage canbe
obtained for enhanced projection. Splitting the cartilage

Fig. 3 Surgical marking for chest incision. Fig. 4 Surgical marking for ear construct.

Fig. 2 (A) Postoperative frontal view of right microtia. (B) Postoperative lateral view of right microtia.
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creates an advantageous warp in the wedge, providing a
favorable shape for the posterior conchal wall. Brent,19 Fir-
min,34 and Weerda all cover the cartilage wedge with a turn-
over “book flap” of occipitalis fascia from behind the ear.

Nagata Technique

Nagata pioneered ear reconstruction in two stages.14–17 The
first stage consists of cartilage framework implantation, tra-
gusconstruction, and lobule transposition. The second stage
involves construct elevation from the head with projection
of the reconstructed ear covered by fascial flap and skin graft.

In the first stage, the auricular framework is harvested
from the sixth to ninth costal cartilages (►Fig. 5). The sixth
and seventh costal cartilages are used for the base of the
framework, while the ninth ribmakes the antihelix as well as
the superior and inferior crus. The eighth rib is used to
construct the helical rim unit and the crus helicis. The
conchal bowl pieces are derived from rib cartilage remnants.
Nagata prefers the use of fine-gauge wire to hold the con-
struct together (►Fig. 6).35 Chest wall deformities are pre-
vented by preserving the perichondrium at the donor
site.36,37 The remaining cartilage pieces are cut into 2 to
3 mm blocks and placed back in the perichondrial pockets.

The next step in thefirst stage is coverage of the framework
in the subcutaneous pocket with incisions in the shape of a
“lazy W.”35 The lobule is split to form anterior and posterior
skin flaps. The posterior lobule flap remains attached to the
mastoid skin flap, while the anteriorly based tragal flap is
sutured to surface the external surface of the tragus. The
middle limbs of the “W” meet to make the inverted cone
and create the depth of the intertragal notch. The W flap and
anterior lobule flap are transposed in z-plasty fashion. To
optimize the vascularity of the W flap, the subcutaneous
pedicle in the floor of the conchal bowl is preserved. The
subcutaneous pocket is subsequently created by removing
the vestigial auricular cartilage. The framework is then placed
around thesubcutaneouspedicleand theskinflaps are sutured
together and secured over the framework with sutured bol-
sters that are left in place for 2 weeks. In a reported 273 cases
performed by Nagata there was only 1 pneumothorax, 1
methicillin-resistant Staphylococcus aureus infection, and no

chest wall deformities.36 Firmin has reported partial necrosis
of the posterior lobular flap using Nagata’s technique in 13.9%
of her 144 patients.18

The second stage is undertaken after 6 months and
consists of elevation of the reconstructed auricle. A skin
incision is made 1 cm posterior to the helix. A crescent-
shaped wedge of rib cartilage from the fifth rib should be
harvested and placed under the ear to create projection of
the reconstructed framework. A temporoparietal fascia flap
is raised and tunneled subcutaneously toward the posterior
aspect of the framework to cover the raw posterior surface of
the ear as well as the newly harvested cartilage projection
graft and the mastoid skin. Retroauricular skin should be
advanced anteriorly and a full-thickness skin graft should be
used to cover the remaining raw areas.

Chen et al have modified the second stage of the Nagata
reconstruction to create continuous skin coverage by design-
ing a leaf-like flap of split-thickness scalp skin graft in
continuity with full-thickness skin of the anterior surface
of the auricle.38

Kurabayashi et al have modified the Nagata technique by
avoiding use of the temporoparietal fascia flap and instead
creating a pocket in the temporoparietal fascia and creating
the “temporoparietal fascia pocket method.”39 This method
has been found to be less invasive, avoids the need for
temporoparietal fascia flap elevation, and creates a superior
and enduring temporoauricular sulci.39

Park Method

Park’s method is a 2-flapmethod completed in three stages.40

In the first stage, a tissue expander is placed in a pocket
underneath the fascial layer in themastoid area. After 3weeks,
expansionbeginsand is continued forapproximately5months
or until the volume of the expander is 80 to 90 mL.

Fig. 6 Cartilage construct using wires.

Fig. 5 Harvested ribs with synchondrosis.
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In the second stage, rib cartilage is harvested, and the
framework is carved. The tissue expander is explanted, and
the expanded facial layer and skin flap are subsequently
separatedwith the framework to be placed in-between these
pockets. Anteriorly, the skin is undermined so that the tragal
aspect of the framework can fit. A medium-sized hole is
made in the fascial flap for the crus helicis. The upper aspect
of the base frame is placed between the skin and fascial flaps,
and the lower part is placed into the earlobe envelope. The
posterior aspect of the framework is covered by a fascial flap,
while the anterior framework is covered by a skin flap. The
raw surface of the fascial flap is covered by a skin graft from
either the groin or scalp.

In the third stage, incisions are made over the anterior
aspectof theframework so that thetragus, crushelicis, conchal
floor, and intertragic notch can be shaped while a portion is
hollowed to create a simulated external auditory meatus.

Fisher’s Modified Nagata Method

Fisher’smodification of the Nagata technique, is a one-staged
procedure.41 It differs from the classical Nagata technique in
that projection of the reconstructed auricle is included in the
first (and only) stage. The costal cartilage is harvested, and
the base frame (helix, antihelix, lobule, scaphoid fossa,
posterior conchal wall) is made from the sixth and seventh
rib cartilages. The costal cartilage from the eighth rib is used
to create the helix that is attached to the framework using
wire sutures placed at 3-mm intervals. The ninth costal
cartilage is used to form the antihelix. When the rib is broad
enough, Fisher attempts to create the entire antitragus from
the ninth rib and excavates the triangular fossa from
between the upper and inferior crura. When the ninth costal
cartilage is not broad enough for the construction of the
whole antihelix, the upper and lower crura are made sepa-
rately with the antitragus and inferior crus comprising one
piece while the upper crus is a second piece. To maintain
projection of the tragus and add stability to the framework,

Fisher modifies the tragus with a closing strut extending
from the deep cephalic surface of the tragus to the deep
surface of the base frame under the helical root.41

The auricular incisions are made in the similar “Lazy W”

fashion with the creation of three skin flaps: (1) bilobed W-
flap, (2) anterior lobuleflap, and (3) tragalflap. The framework
is anchored to the mastoid fasciawith 3–0 clear nylon sutures
and the skin flaps are closed over the contours of the frame-
work with the help of suction.

The primary advantage of this method is the avoidance of
a second surgery while maintaining good aesthetic stan-
dards. Fisher found a reduced complication rate when
switched from the 2-stage to a 1-stage procedure (22% to
15%) (►Table 2).41

Complications

Commonly encountered complications include pneu-
mothorax, infection, cartilage framework exposure, lobule
necrosis, and changes in framework size. If the pleura is
violated, a catheter should be placed into the pleural defect,
and the pleura should be closed while the catheter is placed
to suction. As the anesthesiologist expands the lungs with
positive pressure, the catheter can be removed. A chest
X-ray is obtained in the operating room or postoperatively.
If the patient develops a symptomatic pneumothorax post-
operatively, a thoracostomy tube should be placed. Infec-
tion of the ear should be treated with either oral or
intravenous antibiotics and judicious incision and drainage
if necessary. If the cartilage framework is exposed, it should
be kept clean, and application of 10% sulfamylon cream is
suggested. If the exposed area is > 3 cm without any
granulation tissue, a local flap or temporoparietal fascia
flap may be required for coverage. Generally, the cartilage
ear framework will grow along with the patient (48.1%)
with some growing several millimeters larger than the
unconstructed side and 10.3% growing several millimeters
smaller.10

Table 2 Comparison of the techniques

Microtia repair technique Advantages Disadvantages

Nagata method
(autologous costal cartilage
graft in two stages)

High-fidelity reconstruction of the ear with
excellent projection and minimal chest wall
deformity.

Need to harvest costal cartilage twice. Risk of
wire extrusion. Use of superficial vessel-con-
taining fascial flap may cause hair thinning in
the donor site. Use of a temporoparietal
fascia flap limits options in case of future
reconstruction. Soft tissue necrosis due to
lobule transposition in the first stage36,42

Park method
(subfascial tissue expansion
with two flaps)

Good vascularization of the framework by the
coaptation between the surfaces of the split
flaps. Ability to create a deeper concha floor
with a realistic simulation of the auditory
meatus. All scars are hidden in the mastoid
region.

Possibility for venous congestion after
expansion and flap elevation. Need for
multiple outpatient visits for expansion.
Potential for depression of the mastoid bone
secondary to expander pressure.

Fisher’s method
(1-staged Nagata method)

Good aesthetic results in one operation with
decreased complication rates

Need for revision, possible loss of entire
construct

Brent’s method Low complication rates (0.25%) with great
detail of the reconstructed auricle.

Multiple stages
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Conclusion

Autologous reconstruction for microtia is one of the most
challenging tasks of the reconstructive surgeon. The results
can be excellent and reproducible. The advantages of the
technique are multifold, compounded by the use of the body’s
own tissue. Significant advances have been pioneered over the
years to bring about tremendous psychosocial benefits. As ever,
current modifications seek to improve aesthetic results, de-
crease stages, and maintain the low complication rate. Experi-
enceandanartisticeyearebothnecessary foroptimaloutcomes.
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